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Abstract: Achieving carbon neutrality has become a major national strategy for sustainability, and the
recycling of recyclable resources is an important direction toward doing so. Due to the huge amounts
of recyclable resources generated every year and the low recycling rate, a new Internet recycling
model with great potential to increase the recycling rate has developed rapidly in China. However,
low participation from residents hinders the sustainable development of Internet recycling. Through
this study, we aim to uncover potential avenues for improving Internet recycling behavior. The
factors influencing Internet recycling from the perspective of new technologies have scarcely been
investigated. Therefore, this study used the Unified Theory of Acceptance and Use of Technology
theoretical framework to explore the factors influencing residents’ intentions and behavior toward
Internet recycling. A questionnaire survey was conducted with 500 residents of Beijing, China,
and empirical analysis was conducted using the structural equation model. The results indicated
that social influence and performance expectancy significantly influence residents’ intentions to
participate in Internet recycling, whereas effort expectancy and perceived risk do not. Facilitating
conditions and behavioral intentions were identified as influential factors for use behavior. Relevant
recommendations for promoting residents’ Internet recycling behavior were proposed.

Keywords: internet recycling; recyclable resource; UTAUT; behavioral intention; recycling behavior

1. Introduction

The global response to climate change is unprecedentedly urgent today. Carbon
neutrality is an important concept in tackling climate change and achieving sustainable
development. To address climate change and reduce total greenhouse gas emissions—
mainly carbon dioxide (CO2)—37 countries, including China, have formally committed to
carbon neutrality through national laws, agreements, or policy declarations, and another
52 countries have made verbal commitments [1]. China has pledged to achieve carbon peak
(the country’s highest carbon emissions point, followed by decreasing emissions) by 2030,
and carbon neutrality by 2060. Recycling of recyclable resources is an important step toward
achieving carbon neutrality, as recyclable resources can help to reduce carbon emissions [2].
For instance, recycled paper can save 60–70% of energy consumption, and reduce air
pollution by 60–70%. Its greenhouse gas emission reduction efficiency is 5.42tCO2e per ton
of waste paper. Recycled copper can save 87% of energy consumption, and its greenhouse
gas emission reduction efficiency is 14tCO2e per ton of waste copper [3].

With consumption increasing and the national economy continuing to develop, huge
amounts of recyclable resources are generated every year, and present a rapid growth
trend in China. According to the “Recyclable Resource Recycling Industry Development
Report of China”, as of 2020, the total amount of recyclable resources in 10 major categories
recycled in China reached 380 million tons, representing an increase of 7.3% from 2019 [4].
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Recyclable resources generated in the high-consumption megacity Beijing increase at an
average annual rate of 8% [5]. In addition, with the rapid economic growth, natural
resources are consumed in large quantities, and sustainable development of the economy is
constrained by these resources. Thus, developing resource recycling practices can effectively
alleviate the shortage of resources in China. Furthermore, it would reduce environmental
pollution and carbon emissions, and promote “green” development. Therefore, resource
recycling is crucial.

Some developed countries have formed relatively complete recycling systems for
household recyclable resources through legislation, and their relevant policies and methods
reflect advanced resource management ideas. The United States has adopted a model that
combines government policy support and active public participation in the development
of the recycling industry. The U.S. enacted the Resource Conservation and Recovery Act in
1976, and more than half of its states have enacted some form of recycling regulations [6].
Germany was one of the first countries to develop a circular economy, and has since formed
a relatively complete legal system to support it, including laws, regulations, and guide-
lines. To support implementation of these regulations, non-governmental organizations
for resource recycling—such as the Duales System Deutschland recycling system—have
gradually come to be formed [7]. Japan has a strict and elaborate process for waste separa-
tion and recycling through a legal system that binds the responsibilities and obligations
of localities, companies, and citizens in the recycling chain. The waste collection rate in
Japan is almost 100%, achieving a high level of public participation [8]. By contrast, the
development of recycling in China has considerable room for improvement compared with
developed countries.

Collection is the key to recycling. However, constructing collection systems has been
the weakest link in the comprehensive utilization of recyclable resources in China [9]. The
recycling rate of China’s recyclable resources was less than 60% in 2018 [10]. In China,
the traditional recycling industry relies mainly on scavengers and curbside recyclers, who
constitute more than 90% of the industry’s workforce [11]. This forms a large-scale, in-
formal, reverse-logistics system that is fragmented and has an insufficient scale of effect
and low resource utilization rate, which can cause serious secondary pollution [12]. More-
over, with the advent of the digital era and changes in residents’ consumption habits and
daily routines, traditional recycling is no longer well adapted to the development goals
of large consumer cities, such as the construction of ecological civilizations and carbon
neutrality goals.

In this context, Internet technology and the Internet of Things have been widely in-
troduced into the field of resource recycling. Many companies have begun to focus on
developing Internet recycling to improve the recycling capacity and efficiency of recyclable
resources, forming a new Internet recycling model. The Internet recycling model is a
revolution of traditional recycling, which integrates the concept, technology, and mode of
the Internet into the recycling process [13]. Internet recycling connects online and offline
services by building Internet recycling platforms, and has several advantages over tradi-
tional recycling. First, Internet recycling can effectively reduce the information asymmetry
between buyers and sellers to achieve information disclosure. Second, residents can use
Internet recycling platforms to arrange for door-to-door recycling, which is faster and more
convenient. Finally, Internet recycling is more standardized, as recyclers are trained to
provide professional services to residents, and the platform tracks recycled resources to
ensure that they flow into formal disposal channels [9].

In recent years, the Chinese government has strongly supported the development of
Internet recycling. On 14 April 2015, the National Development and Reform Commission
of China issued the “2015 Circular Economy Promotion Plan”, proposing that China should
promote and guide the innovation of recycling models for recyclable resources, and empha-
sizing the need to explore the Internet recycling model. Subsequently, the “State Council’s
Guiding Opinions on Actively Promoting the Internet Plus Action” and the “Internet Plus
Three-Year Implementation Plan for Green Ecology” have been issued, which encourage
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Internet companies to actively participate in urban waste recycling, platform construction,
and innovation of the recycling model. On 10 May 2016, six ministries of China, including
the Ministry of Commerce and the National Development and Reform Commission, jointly
issued the “Opinions on Promoting the Transformation and Upgrading of the Recyclable
Resource Recycling Industry”, emphasizing that recycling companies should establish
a new concept of Internet Plus development, which advocates for industries to use the
platform of the Internet as a basis to achieve interconnection, create new business models,
and promote industry transformation, thereby bringing innovation to the recycling model
and its organization. This encourages Internet recycling companies to extend their business
through mobile phone applications—such as WeChat—and websites to achieve the organic
combination of online and offline recycling. On 31 January 2019, Shanghai promulgated the
“Regulations of Shanghai Municipality on Waste Management” to implement mandatory
garbage sorting; this document recommends the use of recycling methods such as Internet
Plus recycling. On 7 July 2021, the National Development and Reform Commission issued
the “14th Five-Year Plan” for the development of China’s circular economy, noting that the
Internet Plus recycling model should be actively implemented to achieve online and offline
synergy and enhance the integration ability of standardized recycling companies with
informal operators, improving convenience for residents in recycling resources. While the
government actively promotes the integration of the Internet Plus and recycling industries,
some recycling companies have already adopted the Internet recycling model. For instance,
China’s lead recycling company, Aibolu, built an Internet platform to efficiently interact
with sellers, manufacturers, and disposers in the flow of information and materials, expand-
ing from a recycler to a comprehensive service provider in the recycling system. Beijing
Sanitation Group utilizes Internet technology to explore a smart garbage-sorting model
that integrates garbage removal and resource recycling networks, deploying intelligent
recycling cabinets to communities that, in turn, collect data and establish an integrated
service network platform to provide real-time rewarding feedback regarding residents’
independent delivery behavior.

Although Internet Plus recycling projects have obtained some achievements, several
problems have occurred in their development process. For instance, some residents have
disputes regarding the valuation of recyclable resources and concerns about information
security [14]. Most importantly, residents do not have a sufficient understanding of In-
ternet recycling, leading to low participation and lack of enthusiasm [10,12,15], which
has caused many online recycling platforms to face the risk of bankruptcy and encounter
other operational difficulties [16,17]. Therefore, while the government and companies
are actively promoting the Internet recycling model, there is an urgent need to explore
the status quo and the factors influencing residents’ participation in Internet recycling
of recyclable resources. Identifying the key influencing factors and paths would reveal
effective measures to promote Internet recycling and maintain the healthy operation of
the industry. Internet recycling is a new model for the Internet era, and previous studies
have begun to focus on these factors. Wang et al. [18] developed an extended theoretical
framework of planned behavior to explore residents’ willingness to participate in online
electronic waste recycling, along with its influencing factors. The results demonstrated that
subjective norms, attitudes, perceived behavioral control, and economic motivation had
significant positive effects on intentions to participate in Internet recycling. Some studies
combined the theory of planned behavior (TPB) with other theories, such as the technology
acceptance model (TAM) and perceived risk (PR), to construct an integration model of
factors influencing residents’ participation in Internet recycling. These studies revealed
positive effects of attitude, subjective norms, perceived usefulness, and perceived benefits,
although PR had a negative effect on the intentions of millennials toward the adoption of
the platform [10,19,20]. Existing studies on factors influencing residents’ recycling behavior
are mostly based on the TPB or TAM. However, few studies have examined the use of
Internet recycling platforms. Therefore, this study uses the unified theory of acceptance and
use of technology (UTAUT) model to innovatively explore the factors influencing residents’
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participation in Internet recycling from the perspective of the adoption of new technology.
The UTAUT is an integrated model proposed through the combination of eight theories of
individual behavior (the theory of reasoned action (TRA), TAM, motivational model (MM),
TPB, combined TAM–TPB (C-TAM-TPB), model of PC utilization (MPCU), innovation diffu-
sion theory (IDT), and social cognitive theory (SCT)) and empirical verification. It explains
up to 71% of usage behavior [21], which is higher than previous models [22]. Moreover, the
UTAUT model has been widely used to study the factors influencing the adoption of new
Internet technologies, such as online shopping [23–25], online exam systems [26], mobile
payments [27,28], and mobile banking [29]. Therefore, this study used the UTAUT model
to analyze the factors and obstacles that affect residents’ participation in Internet recycling.
This study focuses on Beijing—a representative city in China—as it is a high-consumption
megacity with a high level of Internet coverage and development compared to remote and
rural areas. This study focuses on how to promote Internet recycling participation among
residents in such cities, proposes policy recommendations, and provides a reference for
promoting the development of Internet recycling and contributing to the achievement of
China’s carbon neutrality goals.

2. Theoretical Basis and Research Hypotheses

In this study, we sought to increase the resident participation rate in Internet recycling.
The UTAUT model, developed by Venkatesh et al. [22], was adopted as the theoretical
framework. The UTAUT model involves a wide range of disciplines, including sociology,
psychology, and the behavioral approach to information systems. It is an integrated, causal
model developed for describing and predicting the acceptance and use of technology in
various fields, and has been empirically tested for validity and reliability [30,31]. The
UTAUT integrates eight models that identify factors determining individuals’ acceptance of
technology. It contains six variables, with effort expectancy (EE), performance expectancy
(PE), and social influence (SI) proposed as direct determinants of individuals’ behavioral
intention (BI), and facilitating conditions (FC) and BI identified as key predictors of indi-
viduals’ use behavior (UB) [22,32]. This study used these variables as well as PR, which is
derived from the PR theory developed by Bauer [33], to explain consumer behavior. PR is
a common extension of the UTAUT, as many new products, including Internet recycling
platforms, are considered inherently risky [27]. The research model is shown in Figure 1.
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Figure 1. Theoretical framework.

2.1. Effort Expectancy

EE is defined by Venkatesh et al. [22] as the degree of ease in adopting a technology.
The use of a new online technology can be challenging, but the application interface design
for online recycling is actively working toward improved ease of use. As such, EE may
be one of the key factors of BI toward using the technology. EE is generally directly
proportional to residents’ BI [34]. In this study, EE refers to the degree of ease associated
with residents’ adoption of the Internet recycling platform. The more difficult it is to use
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the Internet recycling platform, the lower the residents’ acceptance of Internet recycling.
Therefore, the following hypothesis was proposed:

Hypothesis 1 (H1). EE has a negative effect on residents’ BI to participate in Internet recycling.

2.2. Performance Expectancy

PE refers to the perceived usefulness of adopting a technology, and the belief that
the use of the adopted technology will be helpful in one’s job performance [22]. PE is
generally directly proportional to residents’ BI [35]. It has been shown that PE positively
affects technologies that provide residents with quicker and more efficient services [27]. In
this study, PE refers to the usefulness of the Internet recycling platform, as it can provide
services to meet residents’ needs and convenience to participate in resource recycling.
Therefore, the following hypothesis was proposed:

Hypothesis 2 (H2). PE has a positive effect on residents’ BI to participate in Internet recycling.

2.3. Social Influence

SI refers to the degree to which an individual feels influenced by surrounding groups [22].
A study found that SI is directly proportional to residents’ BI [36]. In this study, SI refers to
the degree of influence of those that residents consider important—such as families and
friends—on their adoption of Internet recycling. As residents are increasingly influenced by
surrounding groups, their intention to participate in Internet recycling increases. Therefore,
the following hypothesis was proposed:

Hypothesis 3 (H3). SI has a positive effect on residents’ BI to participate in Internet recycling.

2.4. Perceived Risk

Tarpey and Paul [37] classified PR into financial and time risks. Korgaonkar and
Wolin [38] emphasized that security and privacy are important factors of PR in the Internet
environment. When the PR is high, residents may not have a positive recycling attitude [39].
In this study, PR mainly refers to privacy, financial, and time risks that the Internet recycling
platform may cause. With the increase in PR, residents’ intention of using Internet recycling
decreases. Therefore, the following hypothesis was proposed:

Hypothesis 4 (H4). PR has a negative effect on residents’ BI to participate in Internet recycling.

2.5. Behavioral Intention

In this paper, BI refers to the residents’ intent to use Internet recycling in the future
under certain conditions. UB refers to the actual adoption of Internet recycling by residents.
Therefore, the following hypothesis was proposed:

Hypothesis 5 (H5). BI has a positive effect on residents’ UB to participate in Internet recycling.

2.6. Facilitating Conditions

FC refers to “the degree to which an individual believes that an organizational and
technical infrastructure exists to support the use of the system” [22]. In this study, FC
refers to residents’ perceptions of various organizational and technical support conditions
required for the smooth use of Internet recycling. Theoretically, the impact of FC on
residents’ UB toward adopting online platforms is supported by previous studies [26,29].
Therefore, the following hypothesis was proposed:

Hypothesis 6 (H6). FC has a positive effect on residents’ UB to participate in Internet recycling.
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3. Materials and Methods

Beijing is the capital of China, and a megacity with a resident population of over
21 million. Promoting the participation of Beijing residents in Internet resource recycling has
been a key concern of the Beijing Municipal Government. Therefore, this study chose Beijing
as the case study area, and conducted a questionnaire survey on its citizens regarding their
usage behavior of Internet recycling.

3.1. Questionnaire Design

The questionnaire was designed based on the proposed hypotheses and expert consul-
tations. It consisted of two parts: (1) residents’ demographic information, including gender,
age, and education; and (2) residents’ usage behavior of Internet recycling. The question-
naire included 23 questions (Table 1) to measure 6 variables, which were constructed based
on the UTAUT, with some factors and wording modified to better reflect the uniqueness of
Internet recycling. Answers were rated on a five-point Likert scale (1 = strongly disagree,
5 = strongly agree).

Table 1. The questionnaire structure with measurement indicators.

Constructs Indicator Code Indicators

Effort
expectancy EE1 I think it is easy to learn to use Internet platforms

for recycling.
EE2 I think Internet recycling is an easy thing to do.

EE3 I know exactly how to recycle using the Internet
platform.

Performance
expectancy PE1 Using the Internet recycling platform has saved time

and improved efficiency for me.

PE2 The Internet recycling platform provides me with
timely and valuable recycling information.

PE3 The Internet recycling platform has helped me a lot in
my life.

PE4 The Internet recycling platform provides me with
personalized recycling services.

Social
influence SI1 I will try the Internet recycling platform if my family,

friends, or colleagues recommend it.

SI2 Mass media promotion would motivate me to try to
use the Internet recycling platform.

SI3 Support from related policies would lead me to use
Internet recycling platform.

SI4 Many people around me are using the Internet
recycling platform.

Perceived
risk PR1

I am worried that Internet recycling will disclose my
personal privacy information, location information,
consumption information, etc.

PR2
I am concerned about unreasonable charges or
fraudulent spending when using Internet recycling
methods.

PR3 I am worried that learning Internet recycling will
waste more of my time.

Facilitating
conditions FC1 I have the resources needed to use the Internet

recycling platform.

FC2 I have the knowledge needed to use the Internet
recycling platform.

FC3 Internet recycling is compatible with my previous
recycling methods.

FC4 If I have trouble using the Internet recycling platform,
I can get help and guidance from someone (or a team).
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Table 1. Cont.

Constructs Indicator Code Indicators

Behavioral
intentions BI1 I am willing to keep learning about the use of new

Internet recycling platforms.

BI2 I would like to recommend Internet recycling to my
family, friends, and colleagues.

Use behavior UB1 I often use the Internet platform to recycle waste.
UB2 I will continue to use the Internet recycling platform.

UB3 I recommend Internet recycling to my family, friends,
and colleagues.

3.2. Sample and Data Collection

Before the formal distribution of the questionnaires, 100 pilot questionnaires were
administered to the residents in Beijing via the Internet, to test the rationality of the
questionnaire design. After obtaining the pilot questionnaire data, some questions that
seemed misleading or ambiguous were revised to make them more in line with the purpose
of the research. The formal questionnaires were distributed randomly by stratified sampling
based on the proportion of the resident population in each of the 16 districts and counties
in Beijing. The distribution of the questionnaire sample is shown in Table 2. A web
questionnaire platform was used to distribute the questionnaires. The quality of the
questionnaires was ensured by limiting the minimum response time, ensuring that each
questionnaire was individually coded and traceable, and ensuring the completeness of the
responses. In case of invalid questionnaires, additional questionnaires were distributed. A
total of 500 valid questionnaires was collected. The survey was ethically conducted, and all
respondents participated voluntarily.

Table 2. Sample distribution of the permanent resident population in Beijing.

Administrative Regions Permanent
Population (10,000) Percent (%) Sample Size

Total 2189.0 100% 500
1. Capital functional core area 181.5 8% 41

Dongcheng District 70.9 3% 16
Xicheng District 110.6 5% 25

2. Urban function expansion area 917.0 42% 209
Chaoyang District 345.1 16% 79

Fengtai District 201.9 9% 46
Shijingshan District 56.8 3% 13

Haidian District 313.2 14% 72
3. New urban development area 874.0 40% 200

Fangshan District 131.3 6% 30
Tongzhou District 184.0 8% 42

Shunyi District 132.4 6% 30
Changping District 226.9 10% 52

Daxing District 199.4 9% 46
4. Ecological conservation

development area 216.5 10% 49

Mentougou District 39.3 2% 9
Huairou District 44.1 2% 10
Pinggu District 45.7 2% 10
Miyun County 52.8 2% 12

Yanqing County 34.6 2% 8
Data resource: Beijing Statistical Yearbook 2020, http://nj.tjj.beijing.gov.cn/nj/main/2021-tjnj/zk/indexch.htm
(accessed on 11 February 2021).

http://nj.tjj.beijing.gov.cn/nj/main/2021-tjnj/zk/indexch.htm
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3.3. Data Analysis

This analysis employed structural equation modelling (SEM) to examine the hypothe-
sized relationships between the constructs. First, the reliability of the questionnaire was
analyzed. Then, confirmatory factor analysis (CFA) was conducted, and the measurement
model was evaluated along with convergent validity, composite reliability, and content va-
lidity. Subsequently, the proposed hypotheses were assessed. Statistical analyses using the
SEM were conducted with SPSS (v. 22) (International Business Machines Corporation, New
York, NY, USA), as well as its supporting modeling software, AMOS (v. 22) (International
Business Machines Corporation, New York, NY, USA).

4. Results

Based on the methods and data introduced above, we conducted our empirical analysis.
The results are presented below.

4.1. Descriptive Statistics

The main features of the respondents (gender, age, and education) are described in
Table 3. Overall, 240 (48%) of the respondents were men and 260 (52%) were women. Most
were aged 19–34 years (n = 170, 34%) and 35–49 years (n = 145, 29%), indicating that the
age distribution of the survey samples was reasonable.

Table 3. Main features of the respondents in Beijing (n = 500).

Characteristic Group Frequency Percentage S.E.

Gender Male 240 48% 0.500
Female 260 52%

Age <18 15 3% 0.469
19–34 170 34%
35–49 145 29%
50–64 120 24%
>65 50 10%

Education Junior high school and below 10 2% 0.563
High school 60 12%

Bachelor’s degree 380 76%
Master’s degree 45 9%

PhD 5 1%

4.2. Measurement Model Analysis
4.2.1. Reliability Analysis

Reliability was tested using Cronbach’s alpha to determine the internal consistency and
reliability of the constructs. According to Nunnally [40] and Cronbach [41], a questionnaire
has good reliability when Cronbach’s alpha is above 0.7. Table 4 shows that the Cronbach’s
alpha for all constructs was above 0.7, demonstrating that the data were reliable and the
reliability of the scale was good. Furthermore, all indicator loadings were above 0.5 [42],
indicating internal consistency.

Table 4. Reliability and validity of the measurement model.

Constructs Indicator Code Loadings Cronbach’s Alpha C.R. AVE

Effort
expectancy

EE1 0.600
0.802 0.825 0.620EE2 0.955

EE3 0.767

Performance
expectancy

PE1 0.735

0.805 0.811 0.519
PE2 0.759
PE3 0.719
PE4 0.664
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Table 4. Cont.

Constructs Indicator Code Loadings Cronbach’s Alpha C.R. AVE

Social
influence

SI1 0.848

0.803 0.817 0.529
SI2 0.695
SI3 0.671
SI4 0.682

Perceived
risk

PR1 0.730
0.763 0.770 0.530PR2 0.812

PR3 0.630

Facilitating
conditions

FC1 0.753

0.804 0.807 0.511
FC2 0.747
FC3 0.674
FC4 0.682

Behavioral
intentions

BI1 0.676
0.703 0.697 0.537BI2 0.785

Use behavior
UB1 0.665

0.761 0.771 0.531UB2 0.795
UB3 0.720

4.2.2. Validity Analysis

A validity test reflects the degree of effectiveness of the survey data. The better the
measure matches the content to be examined, the higher the validity. First, the test of
Bartlett’s sphericity and the Kaiser–Meyer–Olkin (KMO) test were used. The p-value of
Bartlett’s sphericity test was zero, denoting that it was significant. The value of KMO
was 0.892, which was greater than the critical value (0.7). This indicated that the original
indicators were suitable for further factor analysis. A CFA using SPSS 22.0 (International
Business Machines Corporation, New York, NY, USA) was used to estimate the measure-
ment model. Convergent validity was used by average variance extracted (AVE). As shown
in Table 4, AVE values ranged from 0.511 to 0.620, and were above the threshold value of
0.50 [43], indicating that the convergent validity of the measurement model was satisfac-
tory. In addition, CR values exceeded the suggested value of 0.70 [43], except for BI. The
latter remained greater than 0.6 (a proposed threshold value) [44], indicating composite
reliability. Moreover, a review of previous research and consultation with experts in the
field strengthened the content validity. The measurement model had satisfactory validity.

4.3. Structural Model and Hypothesis Testing

The overall model fit was tested. Commonly used indices with proposed reference
values and fit results are shown in Table 5. All fit indices indicated a good overall model
fit. Moreover, the value of CMIN/DF was 1.891, demonstrating that the model had a fine
adaptation to the actual sample data.

Table 5. Criteria and results of the fit index.

Fit Index Reference Value Model Value Hypothesized
Model Fit

CMIN/DF <3 (Perfect) [45]
<5 (Good) [46] 1.891 Yes

GFI >0.9 [47] 0.916 Yes
IFI >0.9 [48] 0.946 Yes

CFI >0.95 (Perfect)
>0.90 (Good) [49] 0.945 Yes

RMSEA <0.05 (Perfect)
<0.08 (Good) [50] 0.050 Yes

PNFI >0.5 [51] 0.736 Yes
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Next, the research hypotheses were tested. The results indicated that the effects of SI
and performance expectation on BI, and the effects of BI and FC on UB, were significant.
However, the relationships between EE and BI, and between PR and BI, were not significant.
The results of the model are shown in Table 6 and Figure 2.

Table 6. Hypothesis testing.

Hypothesis Path S.E. C.R. p Result

H1 BI <- - - EE 0.054 −0.392 0.695 Not supported
H2 BI <- - - PE 0.071 6.785 0.000 *** Supported
H3 BI <- - - SI 0.047 3.19 0.01 ** Supported
H4 BI <- - - PR 0.025 −1.752 0.08 Not supported
H5 UB <- - - BI 0.056 3.504 0.000 *** Supported
H6 UB <- - - FC 0.124 9.317 0.000 *** Supported

Notes: *** indicates p < 0.001, ** indicates p < 0.01.
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5. Discussion

The results supported H2, H3, H5, and H6, but not H1 or H4.
The statistical results provide strong proof of the causal path between PE and BI,

indicating that Internet recycling platforms have greater relative advantages over tradi-
tional recycling methods in terms of saving time, improving efficiency, providing valuable
information, and providing targeted services. Previous studies have revealed specific
comparative advantages of Internet recycling platforms relating to PE. E-waste collection
is more advantageous in its scope of collection, convenience of service, accessibility, and
flexibility, providing higher PE for residents [52–54].

The empirical results supported a significant relationship between SI and BI toward
Internet recycling. As Internet recycling is an emerging technology, residents tend to be
cautious toward it, and their BI is often influenced by important people around them.
However, a previous survey revealed that although 97.8% of residents in Beijing gave
satisfactory feedback after using the Internet platform for recycling, 82.4% of residents
said that they did not actively recommend the Internet platform to their family, friends, or
colleagues [55], which may be one reason for the low participation rate in Internet recycling.
In addition, Internet recycling users are mostly young and middle-aged people with a high
level of education, and they are more receptive to environmental protection concepts such
as recycling and garbage sorting. These characteristics make it easy for SI to have a greater
impact on residents’ BI toward Internet recycling, which is a common phenomenon for
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a series of other Internet Plus products, such as Internet Plus mobile payment [56] and
Internet Plus finance [57].

As expected, FC was a crucial factor influencing residents’ participation in Internet
recycling. Internet recycling is more popular among young people, most of whom are
progressing in their careers, and are more sensitive to time compared to other age groups.
Therefore, the convenience of Internet recycling platforms directly influences its adoption
by residents, compared to other factors. The importance placed on FC has been frequently
mentioned as an influential factor in recycling [58–61].

As proposed in the conceptual model, statistical results indicated a significant path
between residents’ intention to participate in Internet recycling and their actual behavior. A
previous survey revealed that most residents expressed interest in using the Internet recy-
cling platform, and were willing to actively search and learn how to use it [55], indicating
that positive BI positively influenced residents’ participation in Internet recycling behavior.
Therefore, this suggests a good foundation for increasing the participation rate of Internet
recycling among Beijing residents.

EE did not account for any statistical variance in the BI to participate in Internet
recycling. Venkatesh et al. [22] suggested that EE is stronger among users at early stages
of the experience, suggesting that the impact of EE on residents decreases with the use of
Internet recycling platforms. Wang [62] also indicated that EE among residents with no
experience in Internet shopping had a stronger influence on BI. Our findings were consistent
with this inference. In addition, related companies continue to explore the simplicity of
the Internet recycling platform system to lower the threshold of use for residents, which
is another reason for EE not being a significant influencing factor. Therefore, H5 was
not supported.

PR did not account for any statistical variance in BI to participate in Internet recy-
cling, in contrast to previous studies. Although the development of online businesses has
increased residents’ awareness of protecting personal privacy and ensuring transaction
security, third-party mobile payment platforms such as WeChat and Alipay are more ma-
ture today than they were previously, and are supervised by sound laws and regulations;
consequently, residents are less worried about the privacy and financial risks that can
arise from online transactions. Furthermore, some online recycling platforms in China
have a higher level of consumer trust than others, as they cooperate with large online
shopping malls, such as the cooperation between All Things Renew and Jingdong Online
Mall—China’s leading online recycling company and online shopping mall, respectively.
Therefore, consumer trust in the online mall is transmitted to the recycling platform. This
further reduces residents’ concerns regarding privacy and financial risks associated with
online recycling transactions. Internet recycling platforms are distinguished from platforms
such as financial product trading [63] and e-commerce [64,65], due to smaller transaction
amounts and reduced amounts of shared personal information. Therefore, the impact of
PR on residents’ intention to adopt Internet recycling platforms is smaller.

6. Implications for Practice
6.1. Leveraging Comparative Advantages to Meet PE and Exploring a Good Profit Model

The findings indicated that PE had a positive effect on residents’ willingness to partici-
pate in Internet recycling, and Internet recycling platforms had a comparative advantage
in raising PE. Therefore, Internet recycling platforms should use their own advantages to
provide residents with transparent recycling information, reduce the cost of information
communication between buyers and sellers, and offer appropriate collection pricing that
meets residents’ expectations to promote willingness to recycle [66]. In recent years, many
domestic recycling companies have started to explore Internet recycling. However, these
companies have strong homogeneity, and the profit space in the industry is small, requiring
financing or government subsidies to maintain operations. Many newly established Inter-
net recycling companies face the threat of bankruptcy [67]. Therefore, Internet recycling
companies should make full use of modern network technologies—such as the Internet
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of Things, big data, and cloud computing—to collect and analyze user feedback. Compa-
nies can provide personalized platform services by collecting users’ age, preferences, and
other information to form their own unique competitiveness. Internet recycling companies
should explore good profit models and avoid over-reliance on government support.

6.2. Developing Heterogeneous Publicity Strategies to Expand the Impact of SI

Our findings demonstrated that SI had a positive impact on residents’ willingness to
participate in online recycling, and that current SI requires urgent improvements. Internet
recycling companies should make use of both online and offline channels for publicity,
including using WeChat, QQ, and other online social tools, creating sharing links, and
providing residents with sharing rewards to encourage their sharing behavior. Offline,
enterprises should regularly organize employees to distribute leaflets and set up roll-up
banners in crowded places. The combination of online and offline publicity promotes the
exchange of information between existing users and potential users of the Internet recycling
platform, thereby improving the effect of SI. In addition, most of the residents participating
in Internet recycling are young and middle-aged, and their income and education levels are
generally high. Most people participating in recycling at home are middle-aged or elderly.
Therefore, to increase the participation rate of Internet recycling, companies should utilize
heterogeneous publicity methods based on the characteristics of different user groups. For
young and middle-aged users, online publicity should be used to retain existing users and
produce youthful, personalized, and fashionable publicity content. To increase participation
among middle-aged and elderly groups, Internet recycling companies should set up service
personnel at offline recycling sites to help elderly groups solve technical problems, such as
difficulty in using smartphones and smart recycling machines, to improve enthusiasm for
their Internet platforms.

6.3. Strengthening the Construction of Offline Supporting Facilities and Integrating Informal
Recyclers to Create FC for Internet Recycling

The findings revealed that FC had a positive impact on residents’ Internet recycling
behavior. To improve FC, Internet recycling companies should strengthen the construction
of offline supporting facilities, such as intelligent recycling machines, and provide pro-
fessional and considerate services in the overall process from appointment to transaction,
to increase user satisfaction and loyalty [66]. Moreover, Internet recycling companies can
cooperate with local communities and properties to establish recycling sites. In improving
the convenience of Internet recycling, stakeholders should consider the integration of
informal recyclers. In China, although traditional informal recyclers do not consider the
environmentally sound disposal of recycled products to maximize profit, they usually have
extensive experience in recycling, and are familiar with the areas in which they work [68].
Thus, the integration of informal recyclers into the Internet recycling system can greatly im-
prove recycling efficiency and provide added convenience for residents. Internet recycling
companies could absorb traditional informal recyclers and conduct standardized training
and unified management. For instance, Incom Recycle integrates traditional informal
recyclers into its Internet recycling platform, providing them with timely and extensive
recycling information, while allowing individual recyclers to remain responsible for their
original offline area. Traditional informal recyclers do not require payment by the company,
and use the Internet platform to increase their recycling business. In turn, the company
expands the scope of their recycling area.

6.4. Increasing Financial Support and Optimizing the Policy Environment

In addition to the above recommendations, the appropriate development of Internet
recycling cannot be achieved without the support of the government. At present, most of
China’s Internet recycling companies are private, with short establishment time and small
initial scale, often facing problems such as high operating costs, low profit levels, and a lack
of good profit models; thus, their development cannot be achieved without government
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policy support and financial subsidies. Therefore, the government should help the Internet
recycling industry by summarizing existing practices, analyzing successful cases, and
supporting the innovation of profit models of Internet recycling platforms. In the short term,
the government could provide tax incentives and financial subsidies for Internet recycling
companies to stimulate enthusiasm. In the long term, it is necessary to formulate relevant
policies and regulations to promote the transition from charging to paying for the recycling
and treatment of recyclable resources, which is a necessary stage to promote the long-term
sustainable development of the Internet recycling industry. Simultaneously, government
departments should strengthen residents’ education on environmental protection through
the Internet, television, newspapers, bulletin boards, and other media to cultivate residents’
awareness of sorting and recycling of household waste. Although China has formulated
many development plans and guidelines to promote the healthy development of the
recycling industry in China, the implementation details of laws and regulations on the
development of the Internet recycling industry have not yet been written. Therefore,
the government should take overall control of recyclable resource management systems,
promote the combination of traditional and Internet recycling, improve the revision of
relevant technical standards for recycling, sorting, transportation, and processing, and
implement unified guidance and management. Moreover, it is necessary to crack down on
illegal recycling sites to standardize the development of recyclable resource management
systems and promote the long-term progress of the Internet recycling industry.

7. Conclusions

This study examined the factors influencing residents’ participation in Internet re-
source recycling in Beijing. This study was based on the UTAUT, and added PR as an
independent variable to construct a model of factors influencing residents’ participation in
Internet recycling. Subsequently, a questionnaire was distributed to residents in 16 districts
and counties in Beijing to investigate the current situation of Internet recycling and obtain
model data. Finally, a structural equation model was built to analyze and process the
questionnaire data. The results demonstrated that SI and PE positively affected residents’
intention to participate in Internet recycling, while FC and BI positively affected residents’
behavior of participating in Internet recycling, whereas EE and PR did not have signifi-
cant effects on residents’ intention. Based on these findings, several suggestions can be
proposed. Internet recycling companies should leverage comparative advantages to meet
PE and explore good profit models. Internet recycling companies should develop heteroge-
neous publicity strategies to expand the impact of SI, strengthen the construction of offline
supporting facilities, and integrate informal recyclers to create FC for Internet recycling.
Moreover, the government should increase financial support for recycling companies, and
optimize the policy environment.

This study has some limitations. The exploration of the influencing factors in this study
mostly focused on existing factors in the UTAUT model. However, with the development
of Internet recycling, relevant influencing factors should be enriched based on the actual
situation to analyze factors of Internet recycling participation in more detail. In addition,
this study considered all types of Internet recycling platforms as a whole. However,
existing Internet recycling models in China can be divided into three categories: recycler-
led, disposer-led, and producer-led. These three types of Internet recycling platforms differ
in their operation modes and recycling processes, and future research should design more
targeted questionnaires to analyze the characteristics and differences of various types of
Internet recycling platforms, allowing for more targeted suggestions for the development
of Internet recycling.

Author Contributions: Conceptualization, T.L.; Data Curation, Z.Z.; Investigation, Z.Z. and Y.L.;
Methodology, T.L.; Supervision, Z.W. (Zhixiong Weng); Validation, Z.W. (Zhichao Wen); Writing—
Original Draft, Z.Z.; Writing—Review and Editing, T.L., S.W. and J.C. All authors have read and
agreed to the published version of the manuscript.



Int. J. Environ. Res. Public Health 2022, 19, 6166 14 of 16

Funding: This research was supported by the National Social Science Foundation of China (grant
number 18CGL027).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data investigated during this study are available from the corre-
sponding author upon reasonable request.

Acknowledgments: The authors are grateful for the active participation of the residents.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Data information: An overview of academic research and government planning for global carbon neutrality. Bull. Chin. Acad. Sci.

2021, 36, 367–370.
2. Wei, W.D.; Chen, Z.J.; Geng, Y.; Cai, W.Q.; Liu, H.B. Toward Carbon Neutrality: Circular Economy Approach and Policy

Implications. Bull. Chin. Acad. Sci. 2021, 36, 1030–1038.
3. Dai, T.J.; Pan, Y.G.; Zhang, Z.Y.; Zhang, H.C. Quantitative analysis of renewable resource recycling and carbon emission reduction.

Resour. Recycl. 2021, 3, 15–20.
4. Ministry of Commerce PRC. Recyclable Resource Recycling Industry Development Report of China; Ministry of Commerce PRC: Beijing,

China, 2021.
5. Liu, T.T.; Wu, Y.F.; Gong, Y.; Xie, H.Y. Suggestions on improving recyclable resources collecting system in Beijing. Environ. Prot.

2016, 44, 31–33.
6. Louis, G.E. A historical context of municipal solid waste management in the United States. Waste Manag. Res. 2004, 22, 306–322.

[CrossRef]
7. Cai, J.Y.; Cai, Z. Renewable resource industry’s international experience and enlightenment. Econ. Geogr. 2010, 30, 2044–2049.
8. Kaza, S.; Yao, L.; Bhada-Tata, P.; Woerden, F.V. What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050; World Bank

Publications: Washington, WA, USA, 2018.
9. Song, Q.B.; Zhang, Y.P.; Miao, Y.P.; Li, J.H. “Internet+ resource recycling” mode promotes the resource recycling revolution in

China. Environ. Pollut. Control. 2016, 38, 105–109.
10. Wei, J.; Wang, L. Analysis on influencing factors of recycling intention of renewable resources “Internet+”. Sci. Technol. Manag.

Res. 2020, 40, 246–251.
11. Zhou, H.C.; Pan, Y.G. Situation in 2018 and trend in 2019 of recycling industry. Recycl. Resour. Circ. Econ. 2019, 2, 32–35.
12. Wu, G.; Chen, L.F.; Li, Y.; Yan, Q.P. Standardized Recycle of Renewable Resources in Circular Economy. China Popul. Resour.

Environ. 2010, 20, 109–116.
13. Wang, H.D.; Han, H.G.; Liu, T.T.; Tian, X.; Xu, M.; Wu, Y.F.; Gu, Y.F.; Liu, Y.R.; Zuo, T.Y. “Internet+” recyclable resources: A new

recycling mode in China. Resour. Conserv. Recycl. 2018, 134, 44–47. [CrossRef]
14. Xu, L.M.; Zou, K.L.; Jian, H.Y. Strategy of renewable resource recycling considering consumers’ behavior based on “Internet+”.

Control Decis. 2019, 34, 1745–1753.
15. Chen, L.F.; Wu, G.; Yan, Q.P.; Li, Y. Application research on recycling behavior in establishing driving forces of standard circular

economy system. China Soft Sci. 2010, S2, 43–48.
16. Bai, H.; Wang, J.; Zeng, A.Z. Exploring Chinese consumers’ attitude and behavior toward smartphone recycling. J. Clean. Prod.

2018, 188, 227–236. [CrossRef]
17. Wang, C.; Zhang, X.Y.; Sun, Q. The influence of economic incentives on residents’ intention to participate in online recycling: An

experimental study from China. Resour. Conserv. Recycl. 2021, 169, 105497. [CrossRef]
18. Wang, B.; Ren, C.Y.; Dong, X.Y.; Zhang, B.; Wang, Z.H. Determinants shaping willingness towards on-line recycling behaviour:

An empirical study of household e-waste recycling in China. Resour. Conserv. Recycl. 2019, 143, 218–225. [CrossRef]
19. Wang, C.; Lv, X.B.; Sun, Q. A study on the influencing factors of residents’ participation in “online collection”. Chin. J. Manag.

2017, 14, 1847–1854.
20. Ramzan, S.; Liu, C.G.; Xu, Y.; Munir, H.; Gupta, B. The adoption of online e-waste collection platform to improve environmental

sustainability: An empirical study of Chinese millennials. Manag. Environ. Qual. Int. J. 2020, 32, 193–209. [CrossRef]
21. Rahman, M.M.; Lesch, M.F.; Horrey, W.J.; Strawderman, L. Assessing the utility of TAM, TPB, and UTAUT for advanced driver

assistance systems. Accid. Anal. Prev. 2017, 108, 361–373. [CrossRef]
22. Venkatesh, V.; Morris, M.G.; Davis, G.B.; Davis, F.D. User acceptance of information technology: Toward a unified view. MIS Q.

2003, 27, 425–478. [CrossRef]
23. Amjad-ur-rehman, M.; Qayyum, A.; Javed, B. The role of online shopping service quality in e-retailing towards online shopping

intention: Testing the moderation mechanism in UTAUT. Pak. J. Commer. Soc. Sci. 2019, 13, 680–703.

http://doi.org/10.1177/0734242X04045425
http://doi.org/10.1016/j.resconrec.2018.03.006
http://doi.org/10.1016/j.jclepro.2018.03.253
http://doi.org/10.1016/j.resconrec.2021.105497
http://doi.org/10.1016/j.resconrec.2019.01.005
http://doi.org/10.1108/MEQ-02-2020-0028
http://doi.org/10.1016/j.aap.2017.09.011
http://doi.org/10.2307/30036540


Int. J. Environ. Res. Public Health 2022, 19, 6166 15 of 16

24. Soh, P.Y.; Heng, H.B.; Selvachandran, G.; Anh, L.Q.; Chau, H.T.M.; Son, L.H.; Abdel-Baset, M.; Manogaran, G.; Varatharajan, R.
Perception, acceptance and willingness of older adults in Malaysia towards online shopping: A study using the UTAUT and IRT
models. J. Ambient. Intell. Humaniz. Comput. 2020, 1–13. [CrossRef]

25. Jure, E.; Anton, M. Online shopping adoption during COVID-19 and social isolation: Extending the UTAUT model with herd
behavior. J. Retail. Consum. Serv. 2022, 65, 102867.

26. Adanir, G.A.; Çinar, M. The acceptance and use of an online exam system by online learners: Implementation of the UTAUT
model. Sak. Univ. J. Educ. 2021, 11, 412–430.

27. Slade, E.L.; Dwivedi, Y.K.; Piercy, N.C.; Williams, M.D. Modeling consumers’ adoption intentions of remote mobile payments in
the United Kingdom: Extending UTAUT with innovativeness, risk, and trust. Psychol. Mark. 2015, 32, 860–873. [CrossRef]

28. Nur, T.; Gosal, G.A. Mobile payment usage in online shopping among Gen Z in the Jabodetabek area: META-UTAUT approach.
In Proceedings of the International Conference on Information Management and Technology (ICIMTech), Jakarta, Indonesia,
19–20 August 2021; pp. 464–469.

29. Alalwan, A.A.; Dwivedi, Y.K.; Rana, N.P. Factors influencing adoption of mobile banking by Jordanian bank customers: Extending
UTAUT2 with trust. Int. J. Inf. Manag. 2017, 37, 99–110. [CrossRef]

30. Khan, A.; Masrek, M.N.; Mahmood, K.; Qutab, S. Factors influencing the adoption of digital reference services among the
university librarians in Pakistan. Electron. Libr. 2017, 35, 1225–1246. [CrossRef]

31. Dowdy, A.E.A. Public Librarians’ Adoption of Technology in Two Southeastern States. Ph.D. Thesis, Walden University,
Minneapolis, MN, USA, 2020.

32. Jadil, Y.; Rana, N.P.; Dwivedi, Y.K. A meta-analysis of the UTAUT model in the mobile banking literature: The moderating role of
sample size and culture. J. Bus. Res. 2021, 132, 354–372. [CrossRef]

33. Bauer, R.A. Consumer Behavior as Risk-Taking, Dynamic Marketing for a Changing World; American Marketing Association: Chicago,
IL, USA, 1960; pp. 389–393.

34. Abushanab, E.; Pearson, J.M. Internet banking in Jordan: The unified theory of acceptance and use of technology (UTAUT)
perspective. J. Syst. Inf. Technol. 2007, 9, 78–97. [CrossRef]

35. Zhang, H.T.; Long, L.R.; Zhang, W. An empirical study on influencing mechanism of performance expectancy on innovation
behaviors for university Ph.D candidate. Res. High. Educ. Eng. 2013, 6, 41–46.

36. Bozorgkhou, N. An internet shopping user adoption model using an integrated TTF and UTAUT: Evidence from Iranian
consumers. Manag. Sci. Lett. 2015, 5, 199–204. [CrossRef]

37. Tarpey, L.X.; Paul, P.J. A comparative analysis of three consumer decision strategies. J. Consum. Res. 1975, 2, 29–37.
38. Korgaonkar, P.K.; Wolin, L.D. A multivariate analysis of web usage. J. Advert. Res. 1999, 39, 56–68.
39. Zhang, Y.; Wu, S.; Rasheed, M.I. Conscientiousness and smartphone recycling intention: The moderating effect of risk perception.

Waste Manag. 2020, 101, 116–125. [CrossRef]
40. Nunnally, J.C. Psychometric Theory; McGraw-Hill Book Company: New York, NY, USA, 1978.
41. Cronbach, L.J. Coefficient alpha and the internal structure of tests. Psychometrika 1951, 16, 297–334. [CrossRef]
42. Hulland, J. Use of partial least squares (PLS) in strategic management research: A review of four recent studies. Strateg. Manag. J.

1999, 20, 195–204. [CrossRef]
43. Fornell, C.; Larcker, D.F. Structural equation models with unobservable variables and measurement error: Algebra and statistics.

J. Mark. Res. 1981, 18, 427. [CrossRef]
44. Bagozzi, R.P.; Yi, Y. On the evaluation of structural equation models. Acad. Mark. 1988, 16, 74–94. [CrossRef]
45. Carmines, E.G.; Mciver, J.P. Analyzing models with unobserved variables: Analysis of covariance structures. Soc. Meas. Curr.

Issues 1981, 80, 65–115.
46. Wheaton, B.; Muthen, B.; Alwin, D.F.; Summers, G.F. Assessing reliability and stability in panel models. Sociol. Methodol. 1977, 8,

84–136. [CrossRef]
47. Wheeler, D. Including the stakeholders: The business case. Long Range Plan. 1998, 31, 201–210. [CrossRef]
48. Bentler, P.M. On the fit of models to covariances and methodology to the Bulletin. Psychol. Bull. 1992, 112, 400–404. [CrossRef]

[PubMed]
49. Brown, T.A. Confirmatory Factor Analysis for Applied Research; The Guilford Press: New York, NY, USA, 2006; p. 87.
50. Browne, M.W.; Cudeck, R. Alternative ways of assessing model fit. Sociol. Methods Res. 1992, 21, 230–258. [CrossRef]
51. Joreskog, K.G.; Sorbom, D. Lisrel 8: User’s Reference Guide; Scientific Software International: Chicago, IL, USA, 1996.
52. Chi, X.W.; Wang, M.Y.L.; Reuter, M.A. E-waste collection channels and household recycling behaviors in Taizhou of China. J.

Clean. Prod. 2014, 80, 87–95. [CrossRef]
53. Wang, W.; Tian, Y.; Zhu, Q.; Zhong, Y. Barriers for household e-waste collection in China: Perspectives from formal collecting

enterprises in Liaoning province. J. Clean. Prod. 2017, 153, 299–308. [CrossRef]
54. Wang, W.H.; Qu, Y.; Liu, Y.; Zhang, Y. Understanding the barriers for Internet-based e-waste collection system in China. J. Environ.

Plan. Manag. 2020, 63, 629–650. [CrossRef]
55. Liu, Y.R. Research on the Influencing Factors of Residents’ Participation in Internet Recycling of Recyclable Resources in Beijing; Beijing

University of Technology: Beijing, China, 2020.
56. Wei, M.F.; Luh, Y.H.; Huang, Y.H.; Chang, Y.C. Young generation’s mobile payment adoption behavior: Analysis based on an

extended UTAUT model. J. Theor. Appl. Electron. Commer. Res. 2021, 16, 618–637. [CrossRef]

http://doi.org/10.1007/s12652-020-01718-4
http://doi.org/10.1002/mar.20823
http://doi.org/10.1016/j.ijinfomgt.2017.01.002
http://doi.org/10.1108/EL-05-2016-0112
http://doi.org/10.1016/j.jbusres.2021.04.052
http://doi.org/10.1108/13287260710817700
http://doi.org/10.5267/j.msl.2014.12.017
http://doi.org/10.1016/j.wasman.2019.09.040
http://doi.org/10.1007/BF02310555
http://doi.org/10.1002/(SICI)1097-0266(199902)20:2&lt;195::AID-SMJ13&gt;3.0.CO;2-7
http://doi.org/10.1177/002224378101800313
http://doi.org/10.1007/BF02723327
http://doi.org/10.2307/270754
http://doi.org/10.1016/S0024-6301(98)00004-1
http://doi.org/10.1037/0033-2909.112.3.400
http://www.ncbi.nlm.nih.gov/pubmed/1438635
http://doi.org/10.1177/0049124192021002005
http://doi.org/10.1016/j.jclepro.2014.05.056
http://doi.org/10.1016/j.jclepro.2017.03.202
http://doi.org/10.1080/09640568.2019.1601618
http://doi.org/10.3390/jtaer16040037


Int. J. Environ. Res. Public Health 2022, 19, 6166 16 of 16
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